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An examiner's amendment to tine record appears below. Should the changes 
and/or additions be unacceptable to applicant, an amendment may be filed as provided 
by 37 CFR 1 .312. To ensure consideration of such an amendment, it MUST be 
submitted no later than the payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview 
with Mr. Crawford on 8/28/2008. 

The amendments are as follows: 

1 . (Currently amended) A method for manufacturing a semiconductor device using 
a first material that is substantially unreactive with [the] a liquid-phase material, the 
method comprising: 

substantiallv enclosing a solid-phase form of the liquid phase material with the 
unreactive material and at least partially liquefying the solid-phase form of the liquid- 
phase material: 

initiating crystalline growth at the seed location: and 

epitaxially growing a single-crystalline structure from a liquid-phase material 
while using the first material having a physical orientation that directs the growth of the 
single-crystalline structure to mitigate defects in the epitaxially grown crystalline 
structure. 

2. (Original) The method of claim 1 , wherein the physical orientation of the 
unreactive material includes a passageway with a cross-sectional area that is 
sufficiently small to mitigate crystalline growth defects as a crystalline growth front of the 
liquid-phase material passes through the passageway. 
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3. (Previously Presented) Tine metliod of claim 1 , wherein the physical orientation 
of the unreactive material necks the directed growth of the single-crystalline structure. 

4. (Original) The method of claim 1 , wherein the physical orientation of the 
unreactive material is adapted to cause a crystalline growth front of the liquid-phase 
material to change direction. 

5. (Currently amended) The method of claim 1 , further comprising: 

forming a layer of the unreactive material on a substrate amenable to seeding 
crystalline growth of the liquid-phase material; 

removing a portion of the unreactive material to expose a seed location on the 

substrate; and 

forming the [[a]] solid-phase form of the liquid-phase material on the exposed 
substrate; 

substant i a ll y e nc l os i ng th e so li d - phas e form of th e li qu i d phas e mat e r i a l w i th th e 
unreact i v e mat e r i a l and li qu e fy i ng th e so li d phas e form of th e li qu i d phas e mat e r i a l ; and 
i n i t i at i ng crysta lli n e growth at th e s ee d l ocat i on . 

6. (Previously Presented) The method of claim 5, wherein forming a layer of the 
unreactive material includes forming a layer of insulative material, and further including 
growing single-crystalline structure on the insulative material. 

7. (Original) The method of claim 5, wherein forming a solid-phase form of the 
liquid-phase material includes forming the solid-phase form of the liquid-phase material 
on the substantially unreactive material. 

8. (Original) The method of claim 7, wherein the physical orientation of the material 
is used to mitigate defects due to a lattice mismatch between the liquid-phase material 
and another material immediately adjacent the liquid-phase material. 
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9. (Currently amended) The method of claim 1 , further comprising: 
forming the [[a]] solid-phase material in contact with a seeding substrate; 
patterning the solid-phase material to form the physical orientation; 
liquefying the solid-phase material to form the liquid-phase material while 

substantially containing the liquid-phase material with the unreactive material; and 

initiating crystalline growth at an interface between the liquid-phase material and 
the seeding substrate. 

10. (Original) The method of claim 9, wherein initiating crystalline growth comprises: 
growing crystalline structure immediately adjacent the interface and permitting 

formation of lattice mismatch defects as a function of a crystalline lattice mismatch 
between the seeding substrate and the liquid-phase material; and 

using the substantially unreactive material to mitigate the lattice mismatch 
defects and continuing to grow crystalline structure that is substantially free of the lattice 
mismatch defects. 

11. -13. (cancelled) 

14. (Currently amended) A method for manufacturing a semiconductor device, the 

method comprising: 

forming germanium-containing material over an inert-tvpe material: 

forming another inert-type material over and enclosing at least a portion of the 

germanium-containing material: 

introducing a liquid-phase material including germanium to the inert-type 

material; and 

epitaxially growing a crystalline structure including single-crystal germanium from 
the liquid-phase material over the inert-type material and forming a germanium-on- 
insulator (GeOI) structure including the crystalline structure and the inert-type material. 
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15. (Original) Tine method of claim 14, wherein growing a crystalline structure 
including germanium includes growing epitaxial crystalline germanium with negligible 
random nucleation growth of germanium. 

16. (Original) The method of claim 14, wherein introducing a liquid-phase material 
including germanium to an inert-type material includes introducing the liquid-phase 
material to a silicon seed location and wherein epitaxially growing a crystalline structure 
including germanium includes growing the crystalline germanium from the silicon seed 
location. 

17. (Original) The method of claim 16, wherein growing the crystalline germanium 
from the silicon seed location includes growing the crystalline germanium with lattice- 
mismatch defects near the silicon seed location in a first direction and subsequently 
growing the crystalline germanium via epitaxial growth in a second direction away from 
the silicon substrate, the epitaxial growth in the second direction forming single-crystal 
germanium with lattice mismatch defects therein being mitigated by a shape of the inert- 
type material. 

18. (Original) The method of claim 16, further comprising: 
forming a layer of the inert-type material on a silicon substrate; 
patterning an opening in the inert-type material and exposing the silicon 

substrate to form the silicon seed location; and 

wherein growing the crystalline germanium from the silicon seed location 
includes growing crystalline germanium in a first direction upward from the silicon seed 
location and growing single-crystalline germanium over the inert-type material and in a 
lateral direction from the silicon seed location. 

19. (Original) The method of claim 18, wherein patterning an opening in the inert- 
type material includes patterning an opening having a sufficient height-to-width ratio that 
causes a necking effect in the crystallization of germanium crystal structure growing 
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upward from the silicon seed location, the necking effect causing lattice-mismatch 
defects to terminate upon the crystalline structure growth extending in the lateral 
direction. 

20. (Currently amended) The method of claim 14, furth e r comprising: 
form i ng g e rman i um - conta i n i ng mat e r i a l ov e r th e i n e rt - typ e mat e ria l ; 
form i ng anoth e r i n e rt - typ e mat e r i a l ov e r and e nc l os i ng at le ast a port i on of th e 

g e rman i um conta i n i ng mat e r i a l ; and 

wherein introducing a liquid-phase material including germanium to an inert-type 
material includes heating and liquefying the germanium-containing material while using 
the inert-type material to hold the liquid-phase material in place. 

21 . (Original) The method of claim 20, wherein forming a GeOI structure includes 
forming the GeOI structure over a silicon-based substrate and adjacent to a silicon- 
based structure region employing a portion of the silicon-based substrate as an active 
region. 

22. (Original) The method of claim 21 , wherein forming germanium-containing 
material over the inert-type material and forming another inert-type material over and 
enclosing at least a portion of the germanium-containing material includes forming and 
enclosing germanium-containing material adjacent to the silicon-based structure and 
using the inert-type material to inhibit the liquid-phase germanium from flowing to the 
silicon-based structure. 

23. (Original) A method for manufacturing a semiconductor device including an inert- 
type material layer over a substrate, the method comprising: 

patterning an opening in the inert-type material to expose a portion of the 
substrate and form a seed location for crystallizing germanium at a bottom portion of the 
opening at the exposed substrate; 
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forming germanium-based material in tine opening and over tine inert-type 
material; 

forming another inert-type material over the germanium-based material; 

using the inert-type material to contain the germanium-based material, heating 
the germanium-based material and forming a liquid; and 

cooling and crystallizing the germanium-based material, the crystallizing 
beginning at the seed location and crystallizing the liquid germanium in a direction 
toward the inert-type material over the germanium-based material and using the inert- 
type material to cause a change in growth direction of the crystallization, such that the 
change in growth direction inhibits subsequent formation of crystalline defects and 
promotes subsequent crystallization of the liquid germanium into single-crystal 
germanium. 

24. (Original) The method of claim 23, wherein cooling and crystallizing the 
germanium-based material includes forming a germanium-based material that is 
substantially single-crystal germanium. 

25. (Original) The method of claim 23, wherein cooling and crystallizing the 
germanium-based material includes forming an interface between the germanium- 
based material and the inert-type material that is substantially free of defects associated 
with a lattice mismatch between the germanium and the exposed substrate. 

26. (Original) The method of claim 23, wherein cooling and crystallizing the 
germanium-based material includes forming an interface between the germanium- 
based material and the inert-type material that is substantially single-crystal germanium. 

27. (Original) The method of claim 23, wherein patterning an opening in the inert- 
type material includes patterning an opening having a height to width aspect ratio 
selected as a function of an expected crystalline growth front direction of the 
germanium. 
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28. (Original) The method of claim 23, wherein patterning an opening in the inert- 
type material includes patterning an opening having a height to width aspect ratio 
sufficiently high to cause a change in direction during crystallization of the germanium- 
based material over the opening to inhibit crystalline defect growth to an area that is 
substantially over the opening. 

29. (Original) The method of claim 23, wherein: 

patterning an opening in the inert-type material includes patterning an opening 
extending from an upper surface of the inert-type material and down through the inert- 
type material to the substrate; and 

cooling and crystallizing the germanium-based material includes crystallizing the 
germanium-based material with a growth front propagating in a first direction away from 
a lower portion of the opening where the germanium is adjacent the exposed substrate 
and subsequently crystallizing the germanium-based material with a growth front 
propagating in a second generally lateral direction. 

30. (Original) The method of claim 29, wherein crystallizing the germanium-based 
material in a first direction includes forming a crystalline structure having defects and 
wherein subsequently crystallizing the germanium-based material in a second generally 
lateral direction includes forming substantially single-crystal germanium. 

31 . (Original) The method of claim 30, wherein crystallizing the germanium-based 
material in a second generally lateral direction includes mitigating the formation of 
crystalline defects with the change in direction of the crystallization growth front. 

32. (Original) The method of claim 31 wherein mitigating the formation of crystalline 
defects includes using a top portion of the inert material over the seed location to 
mitigate crystalline defects. 
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33. (Original) Tine method of claim 31 , wherein mitigating the formation of crystalline 
defects includes using a sidewall of the patterned opening in the inert-type material to 
mitigate crystalline defects 

34. (Original) The method of claim 29, wherein crystallizing the germanium-based 
material in a second generally lateral direction includes growing crystallized germanium 
via epitaxial growth. 

35. (Original) The method of claim 29, wherein crystallizing the germanium-based 
material in a second generally lateral direction includes mitigating random nucleation 
growth of germanium. 

36. (Original) The method of claim 23, further comprising forming a thin silicon layer 
between the substrate and the inert-type material, wherein forming germanium-based 
material over the inert-type material includes forming germanium-based material on the 
thin silicon layer. 

37. (Original) The method of claim 23, wherein forming germanium-based material 
in the opening and over the inert-type material includes forming a layer of germanium- 
based material in the opening and over the inert-type material and subsequently 
patterning the germanium-based layer to form a patterned portion thereof in the opening 
and over the inert-type material. 

38. (Original) The method of claim 23, wherein: 

patterning an opening in the inert-type material includes patterning a plurality of 
openings in the inert-type material; 

forming germanium-based material in the opening and over the inert-type 
material includes patterning distinct locations of germanium-based material in the 
plurality of openings and over the inert-type material immediately adjacent the openings; 
and 
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forming an inert-type material over tine germanium-based material includes 
forming inert-type material to separately contain each of the distinct locations of 
germanium-based material. 

39.-52. (cancelled) 



The following is an examiner's statement of reasons for allowance: Prior art neither 
teach nor sugguest substantially enclosing a solid-phase form of the liquid phase 
material with the unreactive material and at least partially liquefying the solid-phase 
form of the liquid-phase material; initiating crystalline growth at the seed location; and 
epitaxially growing a single-crystalline structure from a liquid-phase material while using 
the first material having a physical orientation that directs the growth of the single- 
crystalline structure to mitigate defects in the epitaxially grown crystalline structure. 

Any comments considered necessary by applicant must be submitted no later 
than the payment of the issue fee and, to avoid processing delays, should preferably 
accompany the issue fee. Such submissions should be clearly labeled "Comments on 
Statement of Reasons for Allowance." 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Savitri Mulpuri whose telephone number is 571-272- 
1677. The examiner can normally be reached on Monday to Friday 8:00 to 4:30. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Charles Garber can be reached on 571-272-2194. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Savitri Mulpuri/ 

Primary Examiner, Art Unit 2812 



